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I 
. A . ' Y r o g r e s s  R e p o r t  f o r  P e r i o d  9 /1 /65  - 2/28/66 
PART I 
To f i l l  t h e  need  f o r  a r a p i d  means of  a t t a i n i n g  g a s - p h a s e  e q u i l i -  
b r ium f o r  t h e  e x p e r i m e n t s  f o r  P a r t  I ,  ( d e s c r i b e d  above)  a h i g h  e n e r g y  
r a d i o - f r e q u e n c y  p lasma d i s c h a r g e  r e a c t o r  2 @ 3  h a s  been  d e s i g n e d  and  
u s e d  s u c c e s s f u l l y  f o r  d e g r a d i n g  hydroca rbon  g a s e s ,  I t  s h o u l d  be  pos-  
I s i b l e  w i t h  t h i s  equipment  t o  g e n e r a t e  a p lasma c o n s i s t i n g  of  r a d i c a l s ,  
l 
i o n s  a n d  atoms from a l m o s t  any  compound h a v i n g  s u f f i c i e n t  v a p o r  p r e s -  
I s u r e .  Such a p lasma s h o u l d  r a p i d l y  a t t a i n  a s t e a d y  s t a t e  a s  h i g h  
~ 
m o l e c u l a r  % e i g h t  p r o d v c t s  a r e  d e p o s i t e d  on t h e  w a l l s  o f  t h e  r e a c t o r ,  
and  when t h e  power i s  t u r n e d  o f f ,  t h e  g a s  p h a s e  may b e  e x p e c t e d  t o  
a p p r o a c h  an e q u i l i b r i u m  c o n d i t i o n s ,  
I When methane o r  e t h y l e n e  is s u b j e c t e d  t o  t h e  r a d i o - f r e q u e n c y  d i s -  
c h a r g e ,  a d e p o s i t  o f  p o l y n u c l e a r  a r o m a t i c  h y d r o c a r b o n s  , t h e  " a s p h a l t "  
I p h a s e ,  is formed on t h e  walls o f  ;be r e a c t i o n  v e s s e l ,  9 n l y  s m a l l  
amounts o f  a l i p h a t i c  compounds and no more t h a n  r?.ir::te t races  o f  c a r -  
bon a r t  p r e s e n t ,  A t  l e a s t  seven  d i f f e r e n t  g a s e o u s  produc:s FT-orn 
methane have  been  i n d i c a t e d  by pas  chromatography.  A l l  o f  ::lese re -  
s u l t s  a r e  c o n s i s t e n t  w i t h  t h e o r e t i c a l  p r e d i c t i o n s ,  and tr:e v ~ ]  i d i t y  
of  o u r  a s s u m p t i o n  of  t h e  i n a c c e s s i b i l i t y  o f  g r a p h i t e ,  ev:7-r, IInder t h e  
v i o l e n t  c o n d i t i o n s  of  p l a sma  e x c i t a t i o n ,  i s  ccn f i r rned ,  A s  t h e  r e a c -  
t i o n  t i m e  i s  d e c r e a s e d ,  t h e  r a t i o  of t h e  b e n z e n e - s o l u b l e  f l o w e r  
m o l e c u l a r  w e i g h t )  compounds t o  t h e  b e n z e n e - i n s o l u b l e  ( v e r y  h i g h  
m o l e c u l a r  w e i g h t )  compounds i s  g r e a t l y  i n c r e a s e d ,  
h'hen m i x t u r e s  of methane and hydrogen  were  t r e a t e d  i n  t h e  r e a c t o r ,  
i t  was found t h a t  t h e  a s p h a l t  t h r e s h o l d  e x i s t e d  a t  a H / C  r a t i o  o f  
7 a t  2 0  mm, p r e s s u r e ,  As t h i s  r a t i o  was d e c r e a s e d ,  t h e  r a t e  o f  
d e p o s i t i o n  OC s o l i d s  i n c r e a s e d ,  A s  p r e d i c t e d  by o u r  c a l c u l a t i o n s ,  
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. ( i t e m ,  a t  a r a t i o  greater  ::Ian 4 )  a t  low p r e s s u r e s .  
__- 
I 
It'hen t h e  r e a c t o r  w a l l s  were c c n t i n u o u s l y  c o o l e d ,  comple t e  e q u i l i -  
b r ium was a p p a r e n t l y  n o t  a t  t a i : ; eJ ,  a s  t h e  p r o d u c t  n i x t u r e s r  a l t h o u g h  
h i g h l y  u n s a t u r a t e d ,  cant,!'. e d  o n l y  s m a l l  amounts o f  a r o m a t i c  compounds, 
The s i g n i f i c a n c e  of t h e s e  resu l t s  w i t h  r e g a r d  t o  t h e  r e a c t i o n  mech-  
an i sms  i s  b e i n g  i n v e s t i g a t e d ,  The a c c u m u l a t i o n  o f  n o n - a r o m a t i c  mate- 
r i a l  is of p a r t i c u l a r  i n t e r e s t  i n  c o n n e c t i o n  w i t h  t h e  o r i g i n  of p e t r o -  
leum f rom n o n - b i o l o g i c a l  s o u r c e s ,  
O f  t h e  v a r i o u s  p r o c e d u r e s  i n v e s t i g a t e d  f o r  i s o l a t i n g  t h e  a l i p h a t i c  
f r a c t i o n  from t h e  t a r r y  p r o d u c t s ,  t h e  mcst c l e a n - c u t  was found t o  be  
t r e a t m e n t  of an a l i q u o t  of  m a t e r i a l  w i t h  s u l f ~ i r i c  a c i d ,  Recause o f  
d i f f i c u l t i e s  w i t h  o u r  gas  chromatograph  i t  h a s  been p o s s i b l e  s o  f a r  
o n l y  t o  t e s t  t h e  f e a s i b i l i t y  n f  i t s  use f o r  o u r  s a m p l e s .  I t  h a s  been 
found  t h a t  pas  ch romatography ,  i n  c o n j u n c t i o n  w i t h  t h i n - l a y e r  chroma- 
t o g r a p h y  and  u l t r a v i o l e t  and i n f r a r e d  s p e c t r o m e t r y ,  w i l l  b e  a v a l u a b l e  
t o o l  f o r  r a p i d  a n a l y s i s  o f  gaseous ,  l i q u i d  a n d  s o l i d  s a m p l e s ,  
B e n d i s  t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  h a s  just b e c m e  a v a i l a b l e  and 
a Var i an  d o u b l e - f o c u s i n g  N-66 h a s  been p u r c h a s e d  b y  t h e  C h e E i s t r y  L)e- 
p a r t m e n t .  
A 
By means of  t h i n - l a y e r  chromatogra?hy,  p a p e r  ch romatcg raphy ,  and 
u l t r a v i o l e t  s p e c t r o m e t r y  t h e  p c l y n u c l e a r  a r o n a t i c  compounds, c h r y s e n e ,  
c o r o n e n e ,  p y r e n e ,  and f l u o r a n t h e n e  have  been i d e n t i f i e d  among t h e  con-  
s t i t u e n t s  o f  t h e  a s p h a l t  f r a c t i o n ,  
Chrysene  Coronene Pyrene  F l u o r a n t h e n e  
~ _~ 
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S i n c e  t h e  p r i m i t i v e  a tmosphe re  o f  t h e  e a r t h  c o n t a i n e d  l i t t l e  
oxygen,  i t  h a s  been  s u g g e s t e d  t h a t  i n  e a r l y  b i o l o R i c a l  s y s t e m s ,  and 
p o s s i b l y  i n  p r e s e n t - d a y  a n e r o b i c  b a c t e r i a ,  p h o s p h i t e  may r e p l a c e  some 
o f  t h e  n h o s p h a t e  of  o x y g e n - u t i l i z i n g  o r g a n i s m s ,  To i n v e s t i g a t e  a 
p o s s i b l e  c l u e  t o  t h i s  a s p e c t  o f  p r i m i t i v e  c h e m i s t r y ,  a method f o r  
d e t e r n i n i n g  small amounts of p h o s p h i t e  o r  h y p o p h o s p h i t e  i n  a n e r o b i c  
L - -  uac te r i a  has been worked o u t .  
PART I11 
Thermodynamic c a l c u l a t i o n s  c a r r i e d  n u t  by t h e  group a t  t h e  N a t i o n a l  
B iomed ica l  Resea rch  Founda t ion  i n c l u d e d  a b r o a d  s - i r v e y  o f  e q u i l i b r i a  
i n  s y s t e m s  c o n t a i n i n g  t h e  e l e m e n t s  C ,  H ,  0 ,  N, S , P  and C 1  a t  p r e s -  
s u r e s  o f  1 0  -'' t o  5 0  a t m o s p h e r e s  and t e m p e r a t u r e s  o f  300°K t o  1000°K. 
For  some o f  t h e  c o m p u t a t i o n s  t h e  f o r m a t i o n  o f  s o l i d  g r a p h i t e  was p r o -  
h i b i t e d  on k i n e t i c  g rounds .  The e q u i l - i b r i a  i n c l u d e d  i n  p r i n c i p l e  a l l  
compounds up t o  m o l e c u l a r  w e i g h t  3 0 0 ,  \de have  r e c e n t l y  s u b m i t t e d  a 
p a p e r  t o  S c i e n c e ,  i n  which t h e s e  d a t a  a r e  d i s c u s s e d  and c o r r e l a t e d  
w i t h  t h e  r e s u l t s  o f  Ander s '  i n v e s t i g a t i o n s  o f  ca rbonaceous  c h o n d r i t e s  
as we l l  a s  e q u i l i b r i u m  e x p e r i m e n t s  i n  b o t h  o u r  l a b o r a t o r i e s  and 
A n d e r s '  l a b o r a t o r i e s ,  
P r e l i m i n a r y  i n v e s t i g a t i o n s  were made o f  s y s t e m s  where o t h e r  com- 
pounds  s u c h  as  N2, CO,  C02,  and a r o m a t i c s  were a l s o  o m i t t e d  from t h e  
e q u i l i b r i u m  c o m p u t a t i o n s ,  s i n g l y  and i n  c o m b i n a t i o n .  
I 
- 1 0 -  - 
I 
C 
The r e s e a r c h  accompl i shed  o v e r  t h e  p e r i o d  9 / 1 / 6 5  - 2 / 2 8 / 6 6  has  
r e s u l t e d  i n  s u b m i s s i o n  o f  a p a p e r  f o r  p u b l i c a t i o n .  An a b s t r a c t  o f  
t h i s  p a p e r  f o l l o w s :  
"Thermodynamic E q u i l i b r i u m  and t h e  O r i g i n  o f  Organ ic  M a t t e r "  
BY 
I R.V.  Eck, E . R .  L i p p i n c o t t ,  b1.0. l l ayhoff  and Y.T,  P r a t t  i 
1 
1 T h e o r e t i c a l  and e x p e r i m e n t a l  s u p p o r t  i s  p r e s e n t e d  f o r  t h e  hypo the -  
s i s  t h a t  o r g a n i c  compounds o c c u r r i n g  i n  ca rbonaceous  c h o n d r i t e s  Fay 
have  formed u n d e r  e q u i l i b r i u m  o r  n e a r  e q u i l i b r i u m  c o n d i t i o n s .  The 
e q u i l i b r i u m  d i s t r i b u t i o n s  of  o r g a n i c  compounds a t  t e m p e r a t u r e s  be tween 
300 and l O 0 O G  and  p r e s s u r e s  of t o  50 a tmosphe res  f o r  t h e  C-11-0 
s y s t e m  have  b e e n  computed. A t  h i g h  t e m p e r a t u r e s  and low p r e s s u r e s  
a r o m a t i c  compounds may form e v e n  i n  t h e  p r e s e n c e  o f  excess hydrogen .  
E q u i l i b r i u m  c o n c e n t r a t i o n s  o f  niimerous compounds p o s s i b l e  a t  1000" K 
when N ,  S ,  and C 1  a r e  added t o  t h e  s y s t e m  have  a l s o  b e e n  d e t e r m i n e d .  
A l i m i t e d  e q u i l i b r i u m  method i s  employed i n  which t h o s e  few compounds 
which fo rm w i t h  most d i f f i c u l t y  a r e  e x c l u d e d  from t h e  c o m p u t a t i o n s .  
T h i s  a p p r o a c h  i s  shown t o  be u s e f u l  i n  t h e  i n t e r p r e t a t i o n  o f  c e r t a i n  
e x p e r i m e n t a l  d a t a ,  I n  p r e l i m i n a r y  e x p e r i m e n t s  i t  h a s  b e e n  found t h a t  
g a s e s ,  c o n v e r t e d  t o  
d i s c h a r g e ,  y i e l d  p r o d u c t  m i x t u r e s  which a re  i n  q u a l i t a t i v e  a g r e e -  
ment w i t h  t h o s e  p r e d i c t e d .  
t h e  p lasma s t a t e  by  h i g h  e n e r g y  r a d i o  f r e q u e n c y  
T h i s  work was s u p p o r t e d  by NASA C o n t r a c t  No. 2 1 - 0 0 3 - 0 0 2  t o  t h e  N a t i o n a l  
B iomed ica l  Resea rch  Founda t ion  and NASA G r a n t  No. N G R  21-002-059 t o  
t h e  rJni\.rersity cf >!zrv1 gnrl 
I 
